AMENDMENTS TO THE DRAWINGS 

The attached "Replacement Sheets," which include Figures 1-15, replace the 
original sheets including Figures 1-10. 

Attachment: Replacement Sheets 
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REMARKS 

Claims 1-14 are now pending in the application. Applicant amends claim 1-3, 6-9 
and 14, cancels claims 4-5 and 10-13, and adds claims 15-28 herein. Support for the 
amendments and new claims can be found throughout the specification, claims and 
drawings as originally filed. Accordingly, no new matter is added. Applicant respectfully 
requests reconsideration and withdrawal of the rejections in view of the amendments 
and remarks contained herein. 

Specification 

Applicant voluntarily amends the specification such that it conforms with the 
replacement drawings. Due to the number of amendments, Applicant submits a Substitute 
Specification. No new matter is added. 

Drawings 

The drawings stand objected to because in figures 3e, 3f, 4e and 4f it is allegedly 
impossible to determine what the reference numerals are referring to. Although Applicant 
does not necessarily agree, Applicant attaches revised drawings for the Examiner's 
approval. In the "Replacement Sheets" figures 3e, 3f, 4e and 4f are replaced with figures 
5A, 5B, 8A and 8B respectively. Further, all of the original figures are replaced and the 
correspondence is as follows: 



Original Figures 


Replacement Figures 


1 (a) and 1 (b) 


1Aand 1B 


2(a) and 2 b) 


2 A and 2B 
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3(a) and 3(b) 


3 A and 3B 


3(c) and 3 (d) 


4A and 4B 


3(e) and 3(f) 


5 A and 5B 


4(a) and 4(b) 


6 A and 6B 


4(c) and 4(d) 


7A and 7B 


4(e) and 4(f) 


8 A and 8B 


5(a) and 5(b) 


9 A and 9B 


6(a) and 6(b) 


1 0A and 1 0B 


7(a) and 7(b) 


11Aand 11B 


7(c) and 7(d) 


1 2A and 1 2B 


8(a), 8(b) and 8(c) 


1 3A, 1 3B and 1 3C 


9 


14 


10 


15 



Accordingly, Applicant respectfully requests reconsideration and withdrawal of 
this objection. 



Rejection Under 35 LLS-C- § 11 2 

Claims 1-14 stand rejected under 35 U.S.C. § 112, second paragraph, as being 
indefinite for failing to particularly point and distinctly claim the subject matter which 
Applicant regards as the invention. This rejection is respectfully traversed. 
Notwithstanding Applicant's traverse and solely in the interest of clarification, Applicant 
amends claims 1-3, 6-9 and 14 to address the Examiner's concerns. Claims 4-5 and 
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10-13 are cancelled. Accordingly, Applicant respectfully requests reconsideration and 
withdrawal of this rejection. 

Rejection Under 35 U-S-C- § 103 

Claims 1-10 and 13-14 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Nishiyama (U.S. Pat. No. 6,107,685). This rejection is respectfully 
traversed. Notwithstanding Applicant's traverse and solely in the interest of expediting 
prosecution, Applicant amends claim 1 . 

Amended claim 1 recites an electronic component comprising: a plurality of 
circuit elements on one surface of a substrate, the circuit elements being one of 
resistive elements and dielectrics; a plurality of electrode pairs on the one surface of the 
substrate, the electrode pairs being respectively connected to the circuit elements; an 
overcoat covering the circuit elements and the electrode pairs while partially exposing a 
part of each electrode of the electrode pairs, the exposed parts providing a plurality of 
lands; and a plurality of conductive balls respectively fixedly bonded to the lands by 
fixedly bonded members. The plurality of lands include first lands and second lands, 
and the second lands have a larger land area than the first lands. The conductive balls 
are substantially equal in size to one another. The circuit elements connected to the 
electrode pairs with the second lands are offset such that the circuit elements are 
laterally displaced from a shortest path between a center of each electrode of the 
electrode pairs in a plan view. 

Thus, amended claim 1 now recites that the circuit elements connected to the 
electrode pairs with the second lands are offset such that the circuit elements are 
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laterally displaced from a shortest path between a center of each electrode of the 
electrode pairs in a plan view. Support for this subject matter can be found at least at 
paragraphs [0038], [0039], [0058] and [0059] and Figs. 1-4 of Applicant's specification 
as originally filed. Accordingly, no new matter is added. 

It is a longstanding rule that to establish a prima facie case of obviousness of a 
claimed invention, all of the claim limitations must be taught or suggested by the prior 
art. In re Rovka , 180 USPQ 143 (CCPA 1974), see MPEP §2143.03. Furthermore, 
when evaluating claims for obviousness under 35 U.S.C. §103, all of the limitations 
must be considered and given weight. Ex parte GrassellL 231 USPQ 393 (Bd. App. 
1983), MPEP § 2144.03. Here, no reference of record discloses circuit elements that 
are connected to electrode pairs with larger lands and offset such that the circuit 
elements are laterally displaced from a shortest path between a center of each 
electrode of the electrode pair in a plan view. 

More particularly, figure 6A of Nishiyama is a cross sectional view. Therefore, it is 
impossible for Nishiyama to teach laterally displaced circuit elements in plan view. In 
other words, a person having ordinary skill in the art cannot understand the planar 
configuration of Nishiyama since figure 6A of Nishiyama only shows a cross-sectional 
view. 

It should also be noted that the other references listed on the Form PTO-892, 
namely Fay and Oida, also fail to teach or suggest the above configuration. As such, 
even if Nishiyama, Fay and Oida are combined, the combination does not yield the 
claimed configuration. 
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Inasmuch as the prior art fails to teach or suggest all of the claim limitations, the 
prior art cannot render claim 1 unpatentable. Therefore, Applicant respectfully requests 
reconsideration and withdrawal of this rejection. 

Claims 2-3, 6-9 and 14 depend from claim 1 and should be in condition for 
allowance for at least the same reasons as set forth above. 

Claims 4-5 and 10-13 are cancelled. 

New Claims 

New claims 15-28 are added. These claims correspond to claims 6-9 but with 
varied dependencies. No new matter is added. 

Conclusion 

It is believed that all of the stated grounds of rejection have been properly 
traversed, accommodated, or rendered moot. Applicant therefore respectfully requests 
that the Examiner reconsider and withdraw all presently outstanding rejections. It is 
believed that a full and complete response has been made to the outstanding Office 
Action and the present application is in condition for allowance. Thus, prompt and 
favorable consideration of this amendment is respectfully requested. 
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If the Examiner believes that personal communication will expedite prosecution 
of this application, the Examiner is invited to telephone the undersigned at (248) 641 - 
1600. 

Respectfully submitted, 



Dated: October 20, 2009 By: /Bryant E. Wade/ 

Bryant E. Wade 
Reg. No. 40,344 



Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248) 641-1600 

BEW/nrk 
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SPECIFICATION 
ELECTRONIC COMPONENT 

TECHNICAL FIELD 

[0001] The present invention relates to an electronic 

component including a plurality of circuit elements and external 
terminals for the circuit elements each consisting of a 
conductive protrusion on one surface of a substrate. 
BACKGROUND ART 

[0002] An electronic component including a plurality of 

circuit elements and external terminals for the circuit elements 
each consisting of a conductive protrusion on one surface of 
a substrate is disclosed in US Patent No. 6,326,677 and 
International Publication No. WO97/30461. 

[0003] A technique for providing an enlarged land in each 

corner of a bottom of an IC chip 21 and thereby making the IC 
chip 21 resist against an external force in a mounted state is 
disclosed in Japanese Patent Application Laid-Open No. 
2003-031728 (Fig. 10) . 

Patent Literature 1: US Patent No. 6,326,677 
Patent Literature 2: International Publication No. 
WO97/30461 

Patent Literature 3: Japanese Patent Application 
Laid-Open No. 2003-031728 
DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] However, for the electronic component in which an 

area of one surface of the substrate is occupied by the plurality 
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of circuit elements and conductive protrusions, it is often 
inappropriate to simply enlarge the lands so as to only provide 
a structure that can resist the external force. The reason is 
as follows. The area of one surface of the substrate of the 
electronic component is occupied excessively by as much as 
presence of the conductive protrusions, as compared with an 
electronic component that does not include the conductive 
protrusions. Because, it is necessary to secure an area for 
arranging the circuit elements including predetermined 
characteristics. This should be taken into particular 
consideration if a reduction in size of the electronic component 
is increased. 

[0005] It is, therefore, necessary for the electronic 

component in which the area of one surface of the substrate is 
occupied by the plurality of circuit elements and conductive 
protrusions to have a structure capable of resisting the external 
force while giving due consideration to particularity of the 
structure, arrangement of the circuit elements and the lands 
on which the conductive protrusions are mounted, an occupation 
rate of the substrate area, and the like. Examples of the 
external force include a mechanical stress (shock) and a thermal 
stress ( shock ) . 

[0006] It is an object of the present invention to provide 

an electronic component in which an area of one surface of a 
substrate is occupied by a plurality of circuit elements and 
conductive protrusions with a structure that can resist an 
external force after mounting. 
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MEANS TO SOLVE THE PROBLEMS 

[0007] To solve the problems, an electronic component 

according to the present invention is an electronic component 
including, on one surface of a substrate 1, a plurality of circuit 
elements and external terminals for the circuit elements, each 
of the external terminals consisting of a conductive protrusion 
9, characterized in that each of the circuit elements includes, 
as constituent elements, a pair of electrodes 2 and a resistive 
element 3 or a dielectric contacting with the pair of electrodes 
2, each circuit element is covered with an overcoat 7 while the 
electrodes 2 are partially exposed as lands 4, the conductive 
protrusion 9 includes a fixedly bonding member, the conductive 
protrusion 9 is fixedly bonded to each of the lands 4 by the 
fixedly bonding member, at least three lands 4b of the lands 
4 are larger in area than the other lands 4a, the electronic 
component can stand alone while the conductive protrusion 9 
contacts with a flat if the conductive protrusion 9 is fixedly 
bonded only to each of the larger -are a lands 4b, and the conductive 
protrusions 9 are all formed by fixedly bonding conductive balls 
10 substantially equal in size to entire surfaces of the 
respective lands 4. The larger-area lands will be referred to 
as "lands 4b", the other lands (ordinary or smaller-area lands) 
will be referred to as "lands 4a", and the lands 4a and 4b are 
generically referred to as "lands 4" if it is necessary to do 
so . 

[0008] Examples of the "electronic component" include a 

network resistor (as shown in, for example, Fig . — 3rFigs . 1A and 



3 



IB ) configured so that a plurality of resistive elements are 
connected to one another by a common electrode 2b, a so-called 
CR component configured so that a resistive element is connected 
to a capacitor, and a so-called multiple resistor or multiple 
capacitor configured so that a plurality of independent resistive 
elements or capacitors are arranged on one surface of a substrate . 
In addition, the examples of the "electronic component" include 
an electronic component configured so that these circuit elements 
are formed into multilayer circuit elements by a resin layer, 
a ceramic layer or the like. 

[0009] Examples of the "substrate 1" include a substrate 

consisting of ceramic such as alumina, a substrate consisting 
of an epoxy resin into which glass fiber is mixed, and the like. 
The ceramic is a suitable material since it is superior in rigidity 
than the other materials for the following reasons. For the 
electronic component having a structure in which the circuit 
elements are directly formed on the substrate 1, a deformation 
of the substrate 1 due to an external force tends to cause deviation 
of a resistance and a capacity from their respective rated values . 
If the ceramic is used as the material for the substrate 1, the 
deformation can be prevented as much as possible . The knowledge 
that the substrate 1 preferably has such rigidity and the 
structure in which the circuit elements are directly arranged 
on the substrate 1 are not mentioned in the technique for the 
IC chip 21 (as disclosed in Japanese Patent Application Laid-Open 
No. 2 0 03-031728). This technique essentially differs in 
technical concept from the present invention. Further, because 
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of the existence of the conductive protrusion 9, the external 
force tends to be applied to the conductive protrusion 9. It 
is, therefore, necessary that the substrate 1 is flexible and 
the resistance and capacity of each circuit element are changed. 
In this respect, the surface mount electronic component that 
does not include the conductive protrusions essentially differs 
in technical concept from the present invention. 
[0010] Afirstreasonfor ''including a plurality of circuit 

elements and external terminals for the circuit elements, the 
external terminals each consisting of a conductive protrusion 
9 on one surface of a substrate 1" is that this can advantageously 
facilitate manufacturing the electronic component . Namely, in 
order to form such members as the circuit elements on both surfaces 
of the substrate 1, it is often necessary to make fine adjustment 
for positioning to arrange the members on one surface of the 
substrate and to arrange the members on the other surface of 
the substrate 1. This adjustment is difficult since it is 
impossible to view the both surfaces of the substrate 1 
simultaneously. It is also necessary to keep the other surface 
of the substrate 1 clean when the members are arranged on one 
surface of the substrate 1, and to give due considerations to 
not damaging the members already arranged on the other surface 
of the substrate 1. This greatly restricts design of 
manufacturing steps. In that respect, the configuration of the 
present invention in which the circuit elements and the 
conductive protrusions 9 are arranged on one surface of the 
substrate 1 does not cause or hardly causes such difficulties 
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and restrictions. Normally, some indication is given to the 
electronic component. However , such an indication is normally 
considered to be provided on the other surface of the substrate 
1 (or a film colored to make the indication conspicuous may be 
interposed between the indication and the substrate 1 ) . In that 
case, since no circuit elements is formed on the other surface 
of the substrate 1, it is advantageously unnecessary to consider 
an adverse effect (e.g., application of a stress, application 
of a thermal shock or the like) of execution of an indication 
step on the circuit elements. 

[0011] A second reason for "including a plurality of circuit 

elements and external terminals for the circuit elements, the 
external terminals each consisting of a conductive protrusion 
9 on one surface of a substrate 1" is to clearly distinguish 
this electronic component from an electronic component in which 
areas of all lands can be enlarged to some extent such as one 
including lands arranged on one surface of the substrate 1 and 
the other circuit element constituent members arranged on the 
other surface of the substrate 1. As a result of facilitating 
manufacturing, for the electronic component including the lands 
and the other circuit element constituent members arranged on 
one surface of the substrate 1, the area by which the lands 4 
can occupy one surface of the substrate 1 is restricted due to 
the relationship between the lands 4 and the other circuit element 
constituent members. Such a restriction can contribute to 
reduction in a region in which the lands 4 are fixedly bonded 
to the circuit board 12 due to a reduction in the areas of the 
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lands 4. It is, therefore, considered that means for solving 
the problems according to the present invention are on the premise 
of a particularly difficult configuration. 

[0012] Examples of the "conductive protrusion 9" include 

a conductive ball 10 such as a so-called solder ball 10 mounted 
and fixedly bonded onto each land 4, a bump formed by a so-called 
subtraction method or an additive method, and a conductive 
protrusion obtained by forming a conductive paste into a 
protrusion by printing or the other method and solidifying the 
protrusion . 

[0013] The "overcoat 7" may be a film consisting of resin 

such as epoxy resin, a glass film, or a film including two or 
more layers of the resin film and the glass film. The overcoat 
7 is to form the lands 4 and to cover up the circuit elements. 
Considering easiness of patterning when forming a thick film 
or the like, all regions except for the lands 4 may be covered 
with the overcoat 7. If each land 4 is formed by an opening 
of the glass overcoat and an opening of the resin overcoat which 
is provided over the glass overcoat, it is preferable that the 
opening of the glass overcoat is smaller in diameter than that 
of the resin overcoat. With such a configuration, if a solder 
is used as a fixedly bonding member for fixedly bonding the 
conductive ball 10 to each land 4, it is the glass overcoat that 
mainly, directly contacts with the molten solder. If so, glass 
can prevent the molten solder from entering into a gap between 
the overcoat and the electrodes that constitute the land 4. If 
the resin overcoat directly contacts with the molten solder, 
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the molten solder relatively easily enters into the gap between 
the overcoat and the electrodes that constitute the land 4 . This 
may possibly cause the solder to be moved to a position at which 
it is difficult for the solder to sufficiently play its original 
role as the fixedly bonding member. 

[ 0014 ] The expression "fixedly bonding to the land 4" means 

fixedly bonding mainly using the solder serving as the fixedly 
bonding member. A surface of the land 4 and the conductive 
protrusion 9 are required to have good wettability to the solder 
to some extent . The solder is, therefore, present substantially 
throughout the lands 4. The conductive protrusion 9 fixedly 
bonded to the land 4b is fixedly bonded to the land 4 b more strongly 
than the other conductive protrusions 9 for the following reasons . 
The solder that supports the conductive ball 1 0 is large in amount , 
and an area by which the solder that supports the conductive 
ball 10 from surroundings of the ball 10 is fixedly bonded to 
the land 4b is larger than an area by which the solder is fixedly 
bonded to the land 4a. 

[0015] "At least three lands 4b of the lands 4 are larger 

in area than the other lands 4a" is to improve the bonding strength 
of the conductive protrusion 9 and to provide the structure 
capable of resisting the external force after the electronic 
component according to the present invention is mounted on the 
circuit board of an electronic apparatus or the like by the cream 
solder or the like. It is verified by a test, to be described 
later, that the area of the land 4b is preferably about 1 . 4 times 
as large as the area of the land 4a. Nevertheless, various 
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premises (absolute values of the areas of the lands 4a and 4b, 
a degree of the external force, and the like) are required to 
determine whether or not such an area ratio is appropriate . This 
area ratio is not a constituent requirement of the present 
invention. Needless to say, this area ratio is preferably lower 
for pattern designing. 

[0016] If one electronic component includes many lands 4 

and the lands 4 have three or more different areas, then the 
smallest-area land 4 is assumed as the "land 4a" and the lands 
4 having the other two or more areas are assumed as the "lands 
4b". 

[0017] The reason for setting, as a constituent requirement, 

the fact that "the electronic component can stand alone while 
the conductive protrusion 9 contacts withaflatif the conductive 
protrusion 9 is fixedly bonded only to each of the larger-area 
lands 4b" is to arrange the strongly, fixedly bonded conductive 
protrusions 9 in good balance in the mounted state. The meaning 
of "can stand alone" is that the electronic component can be 
supported only by contacting the conductive protrusions 9 on 
the flat without letting the substrate 1 contact with the flat. 
This good-balanced arrangement can provide the structure that 
can resist the external force in every direction after mounting. 
For instance, the areas of the lands 4 located in four corners 
of the tetragonal substrate 1 are made larger. Whether or not 
"the electronic component can stand alone" is one index of 
determining whether the arrangement is in good balance. 

[0018] By "forming all the conductive protrusions 9 by 
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fixedly bonding conductive balls 10 substantially equal in size 
to entire surfaces of the respective lands 4", the conductive 
ball 10 arranged on each land 4b is supported by the fixedly 
bonding member in a wider range. As a result , the effect of 
increasing the bonding strength between the land 4b and the 
fixedly bonding member if the area by which the ball 10 is fixedly 
bonded to the land 4b by the fixedly bonding member is larger 
can be produced. Accordingly, the bonding strength by which 
the conductive ball 10 is fixedly bonded to the land 4b is 
intensified and the electronic component that can resist the 
external force while the electronic component is mounted on the 
circuit board 12 can be obtained. The problems to be solved 
by the present invention can be, therefore, solved. 
[0019] With a view of intensifying the bonding strength 

by which the conductive ball 10 is fixedly bonded to the land 
4b and obtaining the electronic component that can resist the 
external force while the electronic component is mounted on the 
circuit board 12, as many lands 4b as possible are preferably 
provided. However, from viewpoints of ensuring constant 
circuit element characteristics, it is necessary to consider 
a balance of the area by which each of or both of the resistive 
elements and the dielectric as well as the electrodes occupy 
the substrate 1. It is, therefore, preferable that the number 
of lands 4b is about 1/3 to 1/2 of the total number of lands 
4 and that an area ratio by which the entire lands 4 occupies 
the substrate 1 is about 22 to 27 %. 

[ 002 0 ] In the electronic component according to the present 
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invention or the electronic component having a preferable 
configuration based on the electronic component according to 
the present invention, it is preferable that each of the lands 
4b is located at a position proximate to an external end of the 
substrate 1. The external force tends to be applied to the 
external end of the substrate 1. Due to this, if the bonding 
strength between the conductive ball 10 and each land 4 on the 
external end is intensified, it is considered to eventually 
provide the structure that can better resist the external force. 
[ 0 021 ] In the electronic component according to the present 

invention or the electronic component having a preferable 
configuration based on the electronic component according to 
the present invention, it is preferable that the conductive balls 
10 are fixedly bonded to the entire surfaces of the respective 
lands 4 by the fixedly bonding member having an amount generally 
proportional to an area of each of the lands 4. The expression 
"generally proportional" refers to the relationship between the 
amount of the fixedly bonding member and the area of each land 
4 if an area of each opening of a screen is made coincident with 
the area of each land 4 when the fixedly bonding member such 
as the cream solder is arranged on each land 4 by, for example, 
an ordinary screen printing technique. Namely, the word 
"generally" is used to signify that the relationship includes 
an error corresponding to an irregularity in an emission amount 
from the screen opening in the ordinary screen printing. 
[0022] The fixedly bonding member by the amount generally 

proportional to the area of each land 4 is present on the land 
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4b by a larger amount than that present on the land 4a. If so, 
the effect of improving the bonding strength between the fixedly 
bonding member and the conductive ball 10 is considered to be 
produced. Besides this effect, the effect of improving the 
bonding strength between the land 4b and the fixedly bonding 
member if the area of each land 4 is larger is obtained. It 
is, therefore, possible to obtain the electronic component that 
can further resist the external force while the electronic 
component is mounted on the circuit board 12. 

[0023] Further, "the conductive balls 10 substantially 

equal in size" means a diameter of each conductive ball 10 falls 
within an error range to some extent. The "error range to some 
extent" means a range of allowing an irregularity in the diameter 
of the conductive ball 10 which range does not hamper all the 
conductive balls 10 from being fixedly bonded to the lands 13 
of the circuit board when the electronic component is mounted 
on the circuit board 12. The range is such that 

[maximum-minimum] / [average] of the diameters of the conductive 
balls 10 employed in one electronic component is equal to or 
smaller than about 5 % if the conductive balls 10 are, for example, 
copper balls (except for solder that covers up surfaces of the 
balls ) . 

[0024] It is considered that the other factor for the present 

invention to be able to solve the problems is that the conductive 
protrusion 9 arranged on the land 4b is larger in thickness than 
the conductive protrusion 9 arranged on the land 4a (Figs. 9_ 
and 10 5 and 6 ) . In addition, a cause that the thickness is larger 
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is deposition of the fixedly bonding member by the amount 
generally proportional to the area of each land 4 on the conductive 
ball 10 . The "deposition" includes herein that the cream solder 

8 serving as the fixedly bonding member for the land 4 covers 
up a surface of the conductive ball 10 (which surface is covered 
with, for example, the solder) having a good solder wettability. 
Accordingly, as will be described later, no special step is 
required to increase the thickness of the conductive protrusion 

9 arranged on each land 4b and the manufacturing process often 
remains uncomplicated . 

[0025] According to the conventional technique (Japanese 

Patent Application Laid-Open No. 2 0 03-031728), a cream solder 
present on the enlarged land is shown in Figs. 2 to 4 and Fig. 
7 (as shown in Fig. 4-9-15 of the present invention) . To form 
a columnar object using the cream solder as shown in Fig. 4-9-15 , 
it is considered to be necessary to execute a step that is not 
clearly described in the specification of the conventional 
technique or to execute a complicated step. The reasons are 
as follows. Even if the cream solder is supplied to ordinary 
lands and enlarged lands by the same method (e.g., screen 
printing) , and the cream solder is molten and solidified, the 
cream solder cannot be secured by a sufficient amount to form 
columnar cream solders on each enlarged land as shown in Fig. 
4-9 -15 . If the cream solder is supplied to each enlarged land, 
until the columnar object as shown in Fig. 4-0-15 is formed, by 
the same method (e.g., screen printing) as that for the other 
ordinary lands, there is probably no avoiding short-circuit with 
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the adjacent ordinary land. This is because the amount of the 
cream solder is excessive. According to the conventional 
technique (Japanese Patent Application Laid-Open No. 
2 0 03-03 1 72 8 ) , therefore, a step necessary to make the cream 
solder supplied to the lands corresponding to the enlarged lands 
of a circuit board 23 different in amount from the cream solder 
supplied to the lands corresponding to the other ordinary lands 
is executed. For instance, a dispenser is employed to make the 
amount of the cream solder supplied onto each land of the circuit 
board 23 different. 

[0026] According to the present invention, by contrast, 

"the conductive balls 10 substantially equal in size are fixedly 
bonded to the entire surfaces of the respective lands 4 by the 
fixedly bonding member having an amount generally proportional 
to an area of each of the lands 4". Therefore, first, the 
conductive balls 10 equal in size can be used to be mounted on 
the respective land 4 or the like, irrespective of the land 4a 
or 4b, so that the mounting operation remains uncomplicated. 
Second, since the fixedly bonding member by the amount generally 
proportional to the area of each land 4 is used to fixedly bond 
the conductive ball 10 to each land 4, if the screen printing 
is used, for example, it suffices to set the area of each opening 
of the screen to correspond to the size of each land 4 and it 
is unnecessary to execute a special step of increasing the amount 
of the cream solder only for the specific land 4b. Third, the 
problems can be solved by the present invention by setting the 
area of the larger-area land 4b about 1.4 times as large as that 
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of the land 4a as will be described later. Due to this, the 
lands 4b can be located not only in the four corners of the 
substrate 1 but also inward of the lands 4 located on the external 
ends as shown in Fig . — ^ Figs. 1A and IB . The present invention 
is different from and advantageous over the conventional 
technique . 

[0027] Specif ically, for example, the conductive ball 10 

the surface of which has excellent solder wettability is mounted 
on the land 4 on which the cream solder 8 is arranged, and the 
cream solder 8 is deposited on a side surface of the conductive 
ball 10 through a reflow step or the like. As a result of this 
method, the thickness of the solidified cream solder 11 deposited 
on the side surface of the conductive ball (e.g., the solder 
ball 10) of the conductive protrusion 9 fixedly bonded onto the 
land 4a as shown in Fig. 5(a) 9A is smaller than the thickness 
of the conductive ball 10 deposited on the land 4b (Fig. 5 (b) 9B ) . 
This difference in thickness results from a difference in the 
amount of the cream solder. 

[0028] With this method, it suffices to mount "the 

conductive balls substantially equal in size" on both the lands 
4a and 4b, respectively. Therefore, it is possible to avoid 
a complicated operation for mounting the conductive balls 10 
different in diameter on the surface of the same substrate 1. 
Further, it is possible to avoid difficulties in mounting the 
electronic component on an electronic apparatus circuit board 
or the like since heights of the conductive balls 10 from the 
surface of the substrate 1 differ in the single electronic 
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component because of mounting the conductive balls 10 having 
different diameters on the surface of the substrate 1. It is 
thereby possible to obtain these great advantages. 
[0029] It is verified by the test to be described later 

that it is appropriate to set the maximum thickness of the 
conductive protrusion 9 fixedly bonded to the land 4b about 1.2 
times or more as large as the maximum thickness of the conductive 
protrusion 9 fixedly bonded to the land 4a so as to provide the 
structure that can resist the external force. However , various 
premises (an absolute value of the maximum thickness of the 
conductive protrusion 9, the degree of the external force, and 
the like) are required to determine an appropriate thickness 
ratio. This thickness ratio is not, therefore, a constituent 
requirement of the present invention. 

[0030] For the electronic component according to the 

present invention, due consideration is given to particularity 
of the structure of the electronic component in which the area 
of one surface of the substrate 1 is occupied by a plurality 
of circuit elements and the conductive protrusions 9. If the 
particularity of the structure of the electronic component 
according to the present invention is further considered, for 
example, the necessity that the substrate 1 is made flexible 
in response to the external force and that such characteristic 
values of each circuit element as the resistance are changed, 
it is preferable that the substrate 1 is a high rigidity ceramic 
substrate 1 as already described. 

[0031] In the electronic component according to the present 
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invention or the electronic component having a preferable 
configuration based on the electronic component according to 
the present invention, it is preferable that the "land 4b" is 
one of a tetragon, an ellipse, and a tetragon having four round 
corners (hereinafter, "tetragon and the like"), and/or that a 
size of the substrate 1 in a direction of a longer side of the 
substrate 1 is larger than a size of the substrate 1 in a direction 
of a shorter side of the substrate 1 on each land 4b (Figs. 2(a) 
and 2 (b) 2A and 2B ) . The reason that the shape is one of the 
tetragon and the like is that the area of the land 4 can be made 
large. If the area of the land 4 is larger, it is possible to 
secure the fixedly bonding member such as the cream solder 8 
or the epoxy conductive adhesive provided on the land 4 and having 
the amount generally proportional to the area of the land 4 
sufficiently to fixedly bond the conductive protrusion member 
9 to the land 4. If the amount of the fixedly bonding member 
is sufficient, the structure that can resist the external force 
after mounting can be provided. 

[0032] Meanwhile, the reason that the area of the land 4 

can be made larger by setting the shape of the land 4 to one 
of the tetragon and the like is that the region of the land 4 
can be secured outside the outline of the conventional circular 
land 4. Namely, as a square having a side equal in size to a 
diameter of the circular land 4 has an area 4/7C times as large 
as the area of the circular land, the large area of the land 
4 can be secured. 

[0033] Accordingly, in the electronic component in which 



17 



the area of one surface of the substrate 1 is occupied by the 
plural circuit elements and the conductive protrusions 9, by 
setting shapes of all of or most of (the majority of) the lands 
4 to one of the tetragon and the like, it is possible to increase 
the occupation rate of the area of the lands 4 on the surface 
of the substrate 1 without providing the "lands 4b" . It is, 
therefore, possible to intensify the bonding strength of the 
electronic component while the electronic component is mounted 
on the circuit board 12 and provide the electronic component 
that can resist the external force. 

[0034] Furthermore, the reason that it is preferable that 

the size of the substrate 1 in the direction of the longer side 
of the substrate 1 is larger than that in the direction of the 
shorter side of the substrate on each of all the lands 4 of the 
electronic component in which the area of one surface of the 
substrate lis occupied by the circuit elements and the conductive 
protrusions 9 as shown in, for example, Fig . — g -Figs. 2A and 2B , 
as compared with the conventional lands 4 that are normally 
circular is as follows. The fixedly bonding member reinforces 
the substrate 1 along the direction of the longer side of the 
substrate 1. The substrate 1 is normally deformed along the 
longer side direction when the external force is applied thereto . 
The reinforcement by the fixedly bonding member functions to 
suppress the deformation of the substrate 1. The electronic 
component according to the present invention, therefore, has 
the structure that can resist the external force after mounting 
and can solve the problems to be solved by the present invention. 
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This function can be obtained even if the size of the substrate 

1 in the direction of the longer side of the substrate 1 is set 
larger than the size of the substrate 1 in the direction of the 
shorter side of the substrate 1 on one of or each of the lands 
4b and 4a. 

[0035] Moreover, even for the electronic component in which, 

for example, the area of one surface of the substrate 1 is occupied 
by the plural circuit elements and conductive protrusions 9, 
it is unnecessary to change the magnitude of the resistive element 
3 or the dielectric from that according to the conventional 
technique. The characteristics of each circuit element are not 
deteriorated accordingly . 

[0036] Examples of the " tetragon" among the tetragon and 

the like include a rectangle, a square, a rhomb, trapezoid, and 
shapes slightly deformed therefrom. 

[0037] If the electronic component according to the present 

invention or the electronic component having a preferable 
configuration based on the electronic component according to 
the present invention is a resistor, it is more preferable that 
the resistive element 3 is formed on the substrate 1 , the electrode 

2 is directly formed on the resistive element 3 , and the electrode 
2 constitutes the land 4b. This is because the land 4 can be 
formed even in the electrode 2 region in which the resistive 
element 3 and the electrode 2 are superimposed and the larger 
area of the land 4b can be secured. With the conventionally 
adopted configuration in which the electrode 2 is formed on the 
substrate 1 and in which the resistive element 3 is directly 
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formed on the electrode 2, it is impossible or quite difficult 
to form the land 4 in the electrode 2 region in which the resistive 
element 3 and the resistive element 2 are superimposed. 
[0038] If the electronic component according to the present 

invention or the electronic component having a preferable 
configuration based on the electronic component according to 
the present invention is the resistor, it is preferable that 
the region in which the electrode 2 extending from the land 4b 
is connected to the resistive element 3 while superimposing each 
other is present while avoiding a line that connects a shortest 
path between a center of the land 4 and the electrode 2 that 
pairs with the electrode and that is provided on the other end. 
This is because a distance in a current direction can be secured 
in the region in which the electrode 2 and the resistive element 
3 are superimposed each other. If this distance is not equal 
to or larger than a certain distance, a problem in relation to 
maintaining the characteristics of the resistive element such 
as a change in the resistance resulting from generation of an 
excessive Joule's heat occurs when an excessive voltage is 
applied between terminals of the resistive element. However, 
by increasing areas of part of lands, there is possibly no avoiding 
reducing the area by which the electrode 2 extending from the 
land 4b is superimposed with the resistive element 3 or the 
distance only for a specific resistive element. By forming the 
region in which the electrode 2 and the resistive element 3 are 
superimposed each other while avoiding the line, the distance 
can be sufficiently secured ( Figo . — 1 and 2 Figs. 1A - 2B) . If 
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the distance cannot be secured sufficiently, an excessive Joule ' s 
heat is generated in the portion in which the electrode 2 and 
the resistive element 3 are superimposed each other, which often 
adversely inf luences the temperature characteristic (e.g., TCR) 
of the resistive element. 

[0039] To secure the distance in the current direction in 

the region in which the electrode 2 and the resistive element 
3 are superimposed each other , apositionof an end of the resistive 
element 3 in the current direction is made present while avoiding 
the line that connects to the shortest path between the center 
of the land 4 and the electrode 2 that pairs with the electrode 
and that is provided on the other end. By doing so, even if 
the resistive element 3 is arranged on the line, the resistive 
element 3 can be advantageously arranged even at a position at 
which a part of the resistive element 3 is superimposed with 
the land 4b (see, for example, the positional relationship 
between the land 4b and the resistive element 3 in Figs. 1 (b) 
and 2 (b) IB and 2B ) . 

[0040] In another word, in the electronic component 

according to the present invention or the electronic component 
having a preferable configuration based on the electronic 
component according to the present invention, it is more 
preferable that a distance between the resistive elements 3 of 
the resistor that includes the conductive protrusions 9 arranged 
on the paired lands 4 including the land 4b as the external 
terminals, respectively, in the current forward direction is 
larger than the shortest distance between the paired lands 4. 
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This configuration includes an instance in which both of the 
paired lands 4 are the lands 4b and an instance in which one 
of the paired lands 4 is formed on the common electrode 2b. 
[0041] Normally, even if the electronic component is 

reduced in size, the area of the land 4 is not always reduced 
at a reduction rate equal to or higher than the reduction rate 
of the electronic component. This is because it is required 
that the bonding strength between the electronic component and 
the circuit board 12 is equal to or higher than a certain value. 
The preferred configuration is, therefore, more advantageous 
if the electronic component is made smaller in size. 
[0042] In the resistor having the above-stated preferred 

configuration, it is possible to maintain a wide distance between 
the region in which the paired electrodes 2 are superimposed 
on the resistor 3, and arrange the lands 4b in good balance. 
Therefore, the resistor in which the area of one surface of the 
ceramic substrate 1 is occupied by the plural resistive elements 
and conductive protrusions 9 can be provided with the structure 
that can resist the external force after mounting while 
maintaining predetermined characteristics of the resistive 
elements. It is considered that the region of the substrate 
1 for isolating the adjacent resistive elements from each other 
on one surface of the substrate 1 is conventionally, excessively 
provided. However, the above-stated preferred configuration 
makes it possible to effective use the region. 
[0043] It is preferable that each land 4b is located at 

a position proximate to each shorter-side external end of the 
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rectangular substrate 1 . After the electronic component 
according to the present invention is mounted on the circuit 
board (mounting substrate) 12, if a thermal shock is repeatedly 
applied to the electronic component thus mounted thereon, a 
difference in coefficient of thermal expansion and coefficient 
of thermal contraction between the circuit board 12 and the 
substrate 1 is transformed into "external force". The external 
force often deviates relative positions of the land of the 
substrate 1 at the beginning of mounting and a land 13 of the 
circuit board 12 (a portion of the circuit board 12 to which 
the conductive protrusion 9 of the electronic component is 
fixedly bonded) . This relative positional deviation is 
generated uniformly throughout the substrate 1 and the circuit 
board 12 . As a result , the deviation is conspicuous at a position 
away from a central position of the substrate 1. Accordingly, 
if the substrate 1 is rectangular, both ends of the substrate 
1 in the longer side direction (positions proximate to the both 
ends of the substrate 1 in the shorter side direction) are regions 
in which the positional deviations are conspicuously generated. 
Considering this, by setting the area of each land 4 on one surface 
of the substrate 1 large so as to strongly, fixedly bond these 
regions to the circuit board 12, it is possible to provide the 
electronic component with the structure that can resist the 
"external force", if any, most appropriately. Besides, since 
it is not required to set the areas of the other lands 4 large, 
it is possible to maintain predetermined characteristics of each 
circuit element. 
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[0 044] In the electronic component according to the present 

invention or the electronic component having a preferred 
configuration based on the electronic component according to 
the present invention, it is preferable that each land 4 b includes 
conductive ball 10 holding means. If the area of each land 4 
is made larger, there is a probability that a position at which 
the conductive ball 10 arranged on the land 4 is fixedly bonded 
to the land 4 is deviated. If the land 4b is tetragonal, in 
particular, it is often difficult to expect an effect of 
correcting the position of the conductive ball 10 resulting from 
the surface tension of the molten solder when the solder is used 
as the fixedly bonding member for fixedly bonding the conductive 
ball 10 to each land 4b, as compared with a circular ball. A 
specific example of the conductive ball 1 0 holding means is means 
for arranging in advance a protruding member that can hold the 
ball 10 on one surface of the substrate 1 under a conductive 
film that constitutes the land 4b and that consists of a Metal 
Graze® mater ial or the like. Such means advantageously enables 
the protruding member 14 to be present to raise the conductive 
film and toholdthe ball 10 on the conductive film after formation 
of the conductive film. The protruding member 14 is arranged 
on one surface of the substrate 1 by screen-printing a paste 
such as glass or resin (Fig. -9-14 ) . 

[0045] The present invention is effective particularly if 

the conductive protrusion 9 substantially does not contain lead. 
Normally, the lead-containing conductive protrusion 9 (which 
mainly consists of a low melting point alloy such as solder) 
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is lower in rigidity than the conductive protrusion 9 that 
substantially does not contain lead, and functions as a buffer 
against the external force. Due to this, deterioration in the 
state in which the conductive protrusion 9 is fixedly bonded 
to the land 4 by the external force is small. However, the 
conductive protrusion 9 that does not contain lead is inferior 
in function as the buffer, so that it is largely affected by 
the external force. Further, from viewpoints of 
environment-friendliness, it is unfavorable that the electronic 
component contains lead . Preferably, therefore, the conduct ive 
protrusion 9 mainly consists of a low melting point metal that 
does not contain lead, e.g., one or more metals selected from 
among an Sn, an Sn-Bi alloy, an Sn-In-Ag alloy , an Sn-Bi-Zn alloy, 
an Sn-Zn alloy, an Sn-Ag-Bi alloy, an Sn-Bi-Ag-Cu alloy, an 
Sn-Ag-Cu alloy , an Sn-Ag-In alloy , an Sn-Ag-Cu-Sb alloy , an Sn-Ag 
alloy, an Sn-Cu alloy, and an Sn-Sb alloy. The same thing is 
true for both the cream solder 8 and the conductive ball 10. 
[0046] In the electronic component according to the present 

invention or the electronic component having a preferred 
configuration based on the electronic component according to 
the present invention, it is preferable that all the resistive 
elements 3 that constitute the electronic component are 
substantially equal in shape, and distances between the adjacent 
resistive elements 3 are substantially equal. If a current is 
applied to the resistor, the Joule's heat is always generated 
in each resistive element 3. If the Joule's heat is so low as 
to hardly influence the characteristics (e.g., temperature 
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characteristics of resistance (TCR) and the like) of the resistor , 
no problem occurs . However, if the Joule ' s heat that influences 
the TCR is generated and a local thermal concentration occurs 
depending on the arrangement of the resistive elements 3 of the 
electronic component, a difference in characteristics among the 
respective resistor is often conspicuous. If that resistive 
elements 3 that constitute the electronic component are 
substantially equal in shape, and distances between the adjacent 
resistive elements 3 are substantially equal, it is effective 
to prevent such a local thermal concentration. By arranging 
the electrodes 2 and the resistive elements 3 as shown in, for 
example, Fig . 1 (b) IB, the thermal concentration can be prevented . 
[0047] From these viewpoints or the like, it is more 

preferable that the conductive protrusion 9 mainly consists of 
copper. The copper is quite high in coefficient of thermal 
conductivity as compared with the solder or the like, and can 
promptly release the Joule's heat generated by the resistor to 
the mounting circuit board 12 . Therefore, even if the resistive 
elements 3 are arranged so that the local concentration of the 
Joule's heat may possibly occur, it is possible to stabilize 
the characteristics of the resistor. 

[0048] The coefficient of thermal expansion of the copper 

is about two-thirds of that of the conventionally used solder 
(consisting of, for example, 37Pb-63Sn alloy). Accordingly, 
even if the conductive protrusion 9 is fixedly bonded to each 
land 4 of the substrate 1 and then exposed to an environment 
in which heating and cooling are repeated, the probability that 
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the conductive protrusion 9 is peeled off from the land 4 is 
low. Besides, the copper is quite hard as compared with the 
solder. Due to this, the conductive protrusion 9 made of copper 
is hardly deformed by handling if the conductive protrusion 9 
is formed as the ball 10 . It is advantageously possible to keep 
heights of many conductive protrusions 9 from one surface of 
the substrate 1 constant. 

[0049] It is further preferable that a conductive covering 

layer plated with Ni, Sn or the like is formed on a surface of 
the copper. This is intended to improve the solder wettability 
and the like of the conductive protrusion 9 and to prevent 
oxidation of the surface of the copper. If the copper surface 
is oxidized, then it is difficult to alloy the conductive 
protrusion with the solder when the electronic component is 
mounted on the mounting circuit board, and to obtain a state 
in which the conductive protrusion 9 is appropriately, fixedly 
bonded to the mounting circuit board or the land 4. 
[0050] Examples of the conductive protrusion 9 that mainly 

consists of the copper include an alloy that mainly consists 
of pure copper or copper, and a conductive protrusion obtained 
by forming a solder layer consisting of Sn, an Sn alloy or the 
like on a surface of the alloy that mainly consists of the pure 
copper or the copper by plating or the like. 

[0051] Alternatively, gold can be used in place of the copper . 

Advantages of use of gold are as follows. It is not always 
necessary to form the antioxidant layer on the surface of the 
gold. The gold exhibits a flexibility equal to or higher than 
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the solder. Thegoldis, therefore, low in rigidity and functions 
as a buffer against the external force. As a result, 
deterioration in the state in which the conductive protrusion 
9 is fixedly bonded to the land 4 by the external force is small. 
[0 052] In the electronic component according to the present 

invention or the electronic component having a preferred 
configuration based on the electronic component according to 
the present invention, it is preferable that each larger-area 
land 4b consists of Metal Graze® material, and that an entire 
surface of each larger-area land 4b is covered with the fixedly 
bonding member (Fig. 5(b) 9B ) . The Metal Graze® material is 
strongly, fixedly bonded to the surface of the ceramic substrate 
1 consisting of alumina or the like. This bonding strength is 
normally higher than that of a copper foil formed on (fixedly 
bonded onto) the surface of the substrate that consists of epoxy 
resin into which glass fiber is mixed. The difference in bonding 
strength therebetween is particularly greater if a temperature 
of a surrounding environment is higher. This is because the 
Metal Graze® mater ial and the ceramics are high in heat resistance . 
In addition, since the fixedly bonding member is provided on 
the entire surface of each land 4b, the bonding strength for 
fixedly bonding the conductive protrusion 9 to each land 4b is 
secured. Accordingly, even if the external force is applied 
to the conductive protrusion 9 while the conductive protrusion 
9 is fixedly bonded to the land 4b, it is possible to effectively 
suppress the conductive protrusion 9 from being peeled off on 
an interface between the substrate 1 and the land 4b. Needless 
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to say, it is more preferable that not only the land 4b but also 
the land 4a consist of the Metal Graze® material and that the 
entire surface of each land 4a is covered with the fixedly bonding 
member. Since the land 4b is larger in area than the land 4a, 
the effect of intensifying the bonding strength by covering the 
entire surface of the land 4b with the fixedly bonding member 
is greater. 

[0053] Alternatively, the Metal Graze® can be replaced by 

a conductive adhesive. This is because the conductive adhesive 
that mainly consists of, for example, epoxy resin or acrylic 
resin can be strongly, fixedly bonded to the surface of the 
substrate 1 that consists of ceramics such as alumina, similarly 
to the Metal Graze® material. 
EFFECTS OF THE INVENTION 

[0054] According to the present invention, it is possible 

to provide the electronic component in which the area of one 
surface of the substrate 1 is occupied by a plurality of circuit 
elements and the conductive protrusions 9 with the structure 
that can resist the external force after mounting. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] Fig . — 1 — ohowo Figs . 1A and IB show a positional 

relationship among electrodes , resistors, and lands of a network 
resistor according to the present invention, wherein lands 4a 
and 4b show outlines of regions to be processed into the lands 
after later steps. 

Fig. 2 ohowo Figs . 2A and 2B show a positional relationship 
among electrodes, resistors, and lands of another network 
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resistor according to the present invention, wherein lands 4a 
and 4b show outlines of regions to be processed into the lands 
after later steps. 

Fig . — 3 ohowo Figs . 3A and 3B show steps of manufacturing 
the network resistor according to the present invention. 

Figs. 4A and 4B show steps of manufacturing the network 

resistor according to the present invention. 

Figs. 5A and 5B show steps of manufacturing the network 

resistor according to the present invention. 

Fig . — 4 — showo Figs 6A and 6B show steps of manufacturing 
another network resistor according to the present invention. 

Figs 7A and 7B show steps of manufacturing another network 

resistor according to the present invention. 

Figs 8A and 8B show steps of manufacturing another network 

resistor according to the present invention. 

Fig. 5(a) 9A is a schematic longitudinal sectional view 
of an ordinary land in the network resistor according to the 
present invention, and Fig. 5 (b) 9B is a schematic longitudinal 
sectional view of a larger-area land in the network resistor 
according to the present invention. 

Fig. 6(a) ! OA is a schematic longitudinal sectional view 
of the ordinary land and a conductive protrusion in the network 
resistor according to the present invention, and Fig. 6 (b) 1 OB 
is a schematic longitudinal sectional view of the larger-area 
land and the conductive protrusion in the network resistor 
according to the present invention. 

Fig. 7(a) ! 1A is a schematic longitudinal sectional view 
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of the ordinary land in the network resistor according to the 
present invention, and Fig . 7 (b) 11B is a schematic longitudinal 
sectional view of the larger-area land in the network resistor 
according to the present invention-^ 

Fig. 7(c) 12A is a schematic longitudinal sectional view 

of the ordinary land and the conductive protrusion in the case 
where the network resistor according to the present invention 
is mounted on a circuit board, and Fig. 7 (d) 12B is a schematic 
longitudinal sectional view of the larger-area land and the 
conductive protrusion in the case where the network resistor 
according to the present invention is mounted on a circuit board. 

Fig. 8(a) 13A is a schematic view of a side surface state 
of a longer side of a substrate before a thermal shock application 
test is conducted to the network resistor according to the present 
invention, Fig. 8 (b) 13B is a schematic view of a side surface 
state of the longer side of the substrate during cooling in the 
thermal shock application test, and Fig. 8 ( a ) 13C is a schematic 
view of a side surface state of the longer side of the substrate 
during heating in the thermal shock application test. 

Fig. 1 4- 9- shows a state in which a part of the land 4b 
according to the present invention is raised to hold a conductive 
ball . 

Fig. 4-9-15 is a schematic view of a state in which a 
conventional IC chip is mounted on a circuit board. 
DESCRIPTION OF REFERENCE SYMBOLS 
[0056] 1. Substrate 

2. Electrode 
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2a. Individual electrode 
2b. Common electrode 

3. Resistive element 

4 . Land 

4a. Ordinary land 
4b. Larger-area land 

5. Glass 

6 . Trimming groove 

7. Overcoat 

8 . Cream solder 

9. Conductive protrusion 

10. Ball 

11. Solidified cream solder 

12. Circuit board 

13. Circuit board land 

14. Protruding member 

21. IC chip 

22. Solidified cream solder 

23. Circuit board 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0057] (Manufacturing of first network resistor according 

to the present invention) 

A large-sized substrate 1 consisting of alumina ceramic 
is prepared. Grooves for division ("division grooves") are 
provided both lengthwise and crosswise on both surfaces of the 
large-sized substrate 1. A minimum unit substrate 1 after the 
division constitutes one network resistor. A process of forming 
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many resistive elements on one surface of the large-sized 
substrate 1 having those grooves will now be described with 
reference to Fig. 3 Figs. 3-5 . Fig. 3 Figs. 3-5 illustrates the 
minimum unit substrate 1 (corresponding to Fig. 1(a) 1A) . 
[0058] First, a Metal Glaze® Ag-Pd containing conductive 

paste is screen-printed on the substrate 1 shown in Fig. 3(a) 3A . 
Thereafter, the resultant substrate 1 is sintered, whereby 
individual electrodes 2a and a common electrode 2b a part of 
which serves as lands for terminal connection of resistive 
elements are obtained (Fig. 3(a) 3A) . As shown in Fig. 3(a) 3A, 
the two individual electrodes la from left and right ends from 
which lands 4b are later formed are formed into a pattern so 
that resistive elements 3 can be present while avoiding a line 
that connects a shortest path between each of the individual 
electrodes 2a and the common electrode 2b that is arranged on 
the other end and that pairs with the individual electrode 2a. 
[0059] Next, the common electrode 2b and each individual 

electrode 2a are set as a pair of electrodes 2, and a Metal Graze® 
resistive element paste mainly consisting of ruthenium oxide 
and glass frit is screen-printed on the substrate 1 so as to 
contact the paired electrodes 2. Thereafter, the resultant 
substrate 1 is sintered, thereby obtaining the resist ive element s 
3 (Fig. 3 (b) 3B ) . The resistive elements are thus obtained. A 
glass paste is then screen-printed on the substrate 1 to cover 
up the resistive elements 3, and the resultant substrate 1 is 
sintered, thereby obtaining glasses 5 (Fig. 3(c) 4A) . As shown 
in Fig. 3(c) 4A, the resistive element 3 formed between each 
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individual electrode 2a from which the land 4b is later formed 
and the common electrode 2b that is arranged on the other end 
and that pairs with the individual electrode 2a is formed to 
avoid the line that connects the shortest path between those 
electrodes 2 . 

[0060] Next, to set a resistance of each resistive element 

to a desired value, a step of forming a trimming groove 6 in 
the resistive element 3 by irradiation of a laser beam, thereby 
adjusting the resistance of the resistive element 3 is executed 
(Fig. 3 (d) 4B ) . At this time, the glass 5 functions to minimize 
damage of the entire resistive element 3. 

[0061] Next, to protect the entire resistive element using 

an overcoat 7, an epoxy resin paste is screen-printed on the 
substrate 1 and the paste is then heated and solidified (Fig. 
3(c) 5A) . In providing the overcoat 7, parts of the individual 
electrodes 2a and the common electrode 2b that are necessary 
for forming lands 4 are exposed. The lands 4 are formed so that 
each of the lands 4b on the individual electrodes 2a and the 
common electrode 2b located at the first and second positions 
from the left and right ends of the substrate 1 is about 1.4 
times as large as a land 4a. If conductive protrusions 9 are 
fixedly bonded only onto the respective lands 4b, the network 
resistors can stand alone while the conductive protrusions 9 
contact with the flat. 

[0062] A commercially available cream solder 8 consisting 

of an Sn-Ag-Cu alloy is arranged on these lands 4 using a metal 
mask that includes openings substantially corresponding to areas 
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of the respective lands 4 by screen printing (Fig. 3 ( f ) 5B ) . At 
this time, the cream solder 8 is formed so as to spread throughout 
the respective lands 4, whereby the cream solder 8 serving as 
a fixedly bonding member is supplied to the respective lands 
4 by amounts proportional to the areas of the respective lands 
4. 

[0063] Using a commercially available ball 10 mounting 

device, commercially available pure copper balls 10 (each having 
a surface plated with Sn) that serve as conductive balls 10 are 
mounted on the cream solder 8 parts. 

[0064] Thereafter, a so-called reflow step of holding the 

substrate 1 as well as the resistive elements and the pure copper 
balls 10 for a predetermined time at a temperature at which the 
cream solder 8 is molten and solidified is executed, thereby 
fixedly bonding and connecting the lands 4 to the respective 
pure copper balls 10. At this time, a part of each pure copper 
ball 10 is molten and resolidified together with the cream solder 
8, thereby obtaining the "conductive protrusion 9" mainly 
consisting of pure copper. Further, the pure copper balls 10 
are moved to central portions of the respective lands 4 while 
the cream solder 8 is being molten. This is done by a surface 
tension of the molten cream solder 8. 

[0065] Through these steps, the electronic component 

according to the present invention can be obtained . Thereafter , 
a stress is applied along the division grooves provided in the 
substrate 1 and the substrate 1 is divided, whereby each first 
network resistor according to the present invention can be 
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obtained . 

[0 066] (Manufacturing of second network resistor according 

to the present invention) 

A second network resistor is an example of the electronic 
component according to the present invention characterized in 
that the land 4b is a tetragon or the like and/or in that a size 
of the substrate 1 in a direction of a longer side is larger 
than a size thereof in a direction of a shorter side on the land 
4b. Therefore,, the second network resistor is manufactured 
substantially similarly to the first network resistor according 
to the present invention in order of steps -far) — fe^e — (-£-) -6A - 8B 
shown in Fig . — ^Figs . 6A - 8B . The differences or additions from 
or to the manufacturing of the first network resistor according 
to the present invention are as follows. In Fig. 4(a) 6A, an 
individual electrode film 2a in the direction of the longer side 
of the substrate 1 is set larger in size than that in the direction 
of the shorter side of the substrate 1. In Fig. 4(c) 8A, a shape 
of each land 4 exposed when the overcoat 7 is provided is a 
rectangle having round corners. 

[0067] The lands 4 of the first and second network resistors 

thus obtained are observed. Figs. 5(a) 9A and 7(a) ! 1A show a 
state in which the land 4a is fixedly bonded to the conductive 
ball 10. Figs. 5 (b) 9B and 7 (b) 1 IB show a state in which the 
land 4b is fixedly bonded to the conductive ball 10 . Figs . 5(a) 
and 5 (b) 9A and 9B show a state in which the cream solder is bonded 
to substantially entirety of the conductive ball 10 (the solder 
is wet) . Figs. 7(a) — and 7(b) llA and 11B show a state in which 
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the cream solder is bonded only to neighborhoods of the land 
4. In the manufactured network resistors, the state shown in 
Figs. 5(a) — and 5(b) 9A and 9B and that shown in Figs. 7(a) — and 
7(b) 11A and 11B are both recognized. 

[0068] As evident from Figs. 5(a), 5(b), 7(a), and 7 (b) 9A, 

9B, 11A and 11B , the solidified cream solder 11 fixedly bonded 
to the land 4b is larger in amount than that fixedly bonded to 
the land 4a. In addition, an area by which the solidified cream 
solder 11 that supports the pure copper ball 10 from surroundings 
is fixedly bonded to the land 4b is larger than that by which 
the solidified cream solder 11 is fixedly bonded to the land 
4a. The ball 10 arranged on the land 4b is supported by a large 
amount of the fixedly bonding member in a wider range than that 
arranged on the land 4b. Further, as evident from Figs. 5(a) 
and 5 (b) 9A and 9B , the conductive protrusion 9 fixedly bonded 
to the land 4b has a largest thickness about 1.2 times as large 
as that of the conductive protrusion 9 fixedly bonded to the 
land 4a. 

[0069] The following respect is substantially common to 

Figs. 5 (a) and 5 (b) 9A and 9B and Figs. 7(a) and 7 (b) 11A and 11B . 
A bonding strength by which the ball 10 is fixedly bonded to 
the land 4b is improved by about 40 % from that by which the 
ball 10 is fixedly bonded to the land 4a. To measure the bonding 
strength, a single ball 10 is fixedly bonded to the land 4 by 
the same method as that stated above, and a stress is applied 
to a side surface of the ball 10 along the surface of the substrate 
1 in that fixedly bonded state until the ball 10 is peeled off 
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from the land 4. The stress thus applied is measured. The 
bonding stress is substantially equal between Figs. 5(a) — and 
5 (b) 9A and 9B and Figs. 7 (a) — and 7(b) llA and 11B . It is, 
therefore, possible to estimate that a large factor for 
determining the bonding strength is not the thickness of the 
conductive protrusion 9 but an area by which the conductive ball 
10 is fixedly bonded to the land 4. 

[0070] Furthermore, each of the first and second network 

resistors is surface-mounted on a circuit board (mounting 
substrate) 12 that is a member consisting of an epoxy resin into 
which glass fiber is mixed. In mounting, the same cream solder 
as the above-stated cream solder is screen-printed on a land 
13 of the circuit board, and the conductive protrusion 9 of each 
of the first and second network resistors is arranged onaposition 
of the land 13 of the circuit board. Thereafter, a reflow step 
is executed similarly to the above . As a result, a mounted state 
shown in Fig. -6- 1 0 or Figs. 7 (c) and 7 (d) 12A and 12B is obtained. 
Thereafter, a test for repeatedly applying the thermal shock 
to the mounted member in the mounted state is conducted ( according 
to JIS C 5201-1 and the number of times of repeatedly applying 
the thermal shock is 2000) . As a result, the above-stated 
"external force" resulting from a displacement between the both 
ends in the longer side direction (positions proximate to both 
shorter-side external ends of the ceramic substrate 1) is 
generated. This external force derives from the fact that the 
circuit board 12 is slightly expanded (Fig. 8 ( c ) 13C ) or 
contracted (Fig. 8 (b) 13B) by heating and cooling as shown in 
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Fig. 13-8- . It is understood that the two conductive protrusions 
9 at the positions proximate to the respective external ends 
in Figs . 8 (b) and 8 (c) 13B and 13C have larger deformations since 
a greater external force is applied thereto than that applied 
to the other conductive protrusions 9. 

[0071] As a result of the test, each network resistor 

according to the present invention has no apparent change in 
the state in which the conductive protrusion 9 is fixedly bonded 
to each land 4 and no change in bonding strength. On the other 
hand, the network resistor that includes all the lands 4 formed 
to have ordinary areas (lands 4a) and that is not according to 
the present invention has a slight apparent change in the state 
in which the conductive protrusion 9 is fixedly bonded to each 
land 4. In addition, the conductive protrusion 9 is peeled off 
from the land 4a at the position corresponding to the position 
at which the land 4b shown in Fig. 1 (a) 1A is arranged. This 
is considered to be due to the application of a larger stress 
to the portion in which the conductive protrusion 9 is fixedly 
bonded to each land 4a, as closer to each external end of the 
substrate 1 in the longer side direction. 

[0072] To manufacture each of the first and second network 

resistors, the sintered Metal Graze® material is used as the 
material for the land 4. Needless to say, the other material 
can be used for the land 4 . For instance, a patterned copper-foil 
material, conductive adhesive or the like provided on a surface 
of the circuit board 12 can be used as the material for the land 
4 . However, the present invention is particularly advantageous 
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if the Metal Graze material or the conductive adhesive is used 
as the material for the land 4 and the solder is used as the 
fixedly bonding member for bonding the conductive ball 10 to 
the land 4 . The reason is as follows . The Metal Graze® material 
or the conductive adhesive is normally inferior in solder 
wettability and is, therefore, lower in bonding strength than 
the other materials for the land 4. Accordingly, the function 
of increasing the bonding strength of the land 4 exhibits a greater 
contribution. If the conductive ball 10 is bonded onto the 
surface of the Metal Graze® material or the conductive adhesive 
that is the material for the land 4 using the fixedly bonding 
member consisting of the solder without solder plating, the 
solder wettability is further deteriorated. The function of 
increasing the bonding strength of the land 4 exhibits a further 
greater contribution . 

[ 00 73 ] Moreover, to manufacture each of the first and second 

network resistors, the pure copper ball is used as the ball 10. 
Alternatively, a solder ball consisting of Sn-3Ag-0.5Cu or a 
solder ball different in composition from the former solder ball 
can be used as the ball 10. Further, a so-called resin core 
ball can be used as the ball 10. 

[0074] Needless to say, the steps of manufacturing the first 

and second network resistors shown in Figs. 3-8 and — 4- can be 
similarly applied to the network resistors shown in Figs . 1 (b) IB 
and 2(b) 2B . An advantage of the network resistors by arranging 
the respective elements as shown in Figs. 1 (b) IB and 2 (b) 2B is 
prevention of thermal concentration as stated above. On the 
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other hand, a first advantage of the network resistors by 
arranging the respective elements as shown in Figs. 1(a) 1A and 
2 (a) 2A is that external size of each resistor can be slightly 
reduced as compared with that of each resistor shown in Figs. 
1 (b) IB and 2 (b) 2B . A second advantage is that the shape of the 
individual electrode 2b from which each land 4a that does not 
have a large area is formed can be simplified. Thanks to these, 
if the electrodes 2b are formed into thick films by screen print ing 
or the like, it is possible to advantageously reduce 
irregularities in shapes of the electrodes 2b. This is more 
advantageous if the electronic component is made smaller in size . 
[0075] The division grooves are formed on the both surfaces 

of the substrate 1. However, it often suffices to form the 
grooves only on one surface . It is difficult to align the grooves 
on the both surfaces particularly if the grooves are formed by 
laser scribing. In this case, it is rather preferable to form 
the grooves only on one surface of the substrate 1. 
INDUSTRIAL APPLICABILITY 

[0076] The present invention can be applied in electronic 

component-related industries for the network resistor including, 
on one surface of the substrate, a plurality of circuit elements 
and the external terminals each consisting of the conductive 
protrusion for the circuit elements and the like. 
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